pinene, perillene (12) . Perillaldehyde can cause contact dermatitis. Main component of perillaketone (PK) chemotype essential oil is perillaketone; other constituents are isoegomaketone, perillene, and egomaketone. PK chemotype is common among wild species. Elsholtzoaketone type (EK) has considerable amounts of elsholtziaketone and naginataketone. In perillene type (PL) essential oil perillene is the predominating compound with lesser amounts of citral, perillaketone and isoegomaketone. Phenylpropanoid type (PP) contains no monoterpenoids, but synthesizes phenylpropanoids myristicin, elemicin, and dillapiol (10, 13) . In citral type (C) essential oil citral is a predominant constituent with lesser amounts of perillene, perillaketone and isoegomaketone. Rosefuran containing type (R) can be used as a cheaper substitute in the rose oil manufacturing process (14, 15) .
After genetic analysis of Perilla L. plants was performed, it was ascertained that chemical composition of essential oil is specific to chemotype (1) . Chemotypes are independent of morphological parameters of the plant (16) . The biogenesis and composition of main essential oil component that determines the chemotype, depends on the geographical location of a plant, environmental conditions and medicinal raw material preparation time (17) . Chemical composition of essential oil and chemotype determines the scent and the therapeutic properties of the plant (18) . During the last decades various experiments confirming the variety of pharmacological effects of essential oil were carried out. Antibacterial, antiallergic, chemotherapeutic activities and effects on central nervous system were confirmed. Perillaldehyde, phenylpropanoids, and β-caryophyllene were the most active compounds.
Considering the different pharmacological effects of essential oil components it is very important to determine the chemotype and composition of essential oil of Perilla L. plants that are introduced in Lithuania. Essential oil analysis would provide information about the quality of essential oil and perspectives for medicinal usage. The aim of our study was to determine the composition of essential oil of Perilla frutescens (L.) Britton, Perilla frutescens (L.) Britton var. crispa f. viridis, and Perilla ocymoides L. var. bicolorlaciniata growing in Lithuania.
EXPERIMENTAL

Plant material
Perilla plants were grown in the collection of medicinal plants and in the trial area at Kaunas 
Qualitative and quantitative analyses
Compounds were identified by comparing retention indices (Kovats) and mass spectra. The retention indices were calculated in a reference of retention index of standard mixture of alkanes (Sigma-Aldrich, Inc. Milwaukee, USA). Mass spectra were compared with literature data and NIST/EPA/NIH Mass Spectral Database NBS75K) (19) .
RESULTS
The constituents of essential oil of Perilla frutescens (L.) Britton, Perilla frutescens (L.) Britton var. crispa f. viridis and Perilla ocymoides L. var. bicolorlaciniata are presented in Table 1 . Retention indices and amounts in percent, obtained by gas chromatography with flame ionization and gas chromatography with mass spectrometry detectors, are indicated. The essential oil of Perilla frutescens (L.) Britton, Perilla frutescens (L.) Britton var. crispa f. viridis and Perilla ocymoides L. var. bicolorlaciniata was obtained in a yield of 0.3%, 0.5% and 0.4%, respectively. Thirteen constituents of essential oil, representing 96.42% of identified compounds, were indentified in the essential oil of Perilla frutescens L. Britton. Principal compounds were found to be perillaketone (Fig. 1 A) and egomaketone. Isoegomaketone and egomaketone were identified in reference to outlet nature and mass spectra characteristics (11). Z,E-farnesene, β-caryophyllene and isoegomaketone collectively yielded 9.76%. Other identified compounds (linalool, caryophyllene oxide, α-caryophyllene, 3-octanol, α-farnesene, perillaldehyde, γ-murolene, methyl geranate) in total were 2.94% of essential oil. Perillaketone and egomaketone yielded 83.72% of essential oil with considerable amount (55.6%) of perillaketone. It has been determined that extracts containing perillaketone promotes intestinal propulsion, by stimulation of intestinal circular muscles. The effect is determined by perillaketone, which acts as an antidote in food poisoning and digestive disorders (1) . The toxicity of this compound was proved during experiment with mice. It was stated that using regular doses of perilla, the amount of perillaketone is minor and insignificant. However, toxic doses for humans have not been assessed yet (1) . During essential oil analysis in Turkey perillaketone (35%) and isoegomaketone (35%) prevailed over other components in 70.7% of total constituents of essential oil. Isoegomaketone and perillaketone are synthesized via egomaketone biosynthetic pathway (1, 20) . As biogenesis and composition of essential oil depends on geographical location, environmental factors, plants with same chemotypes but growing in different conditions have different composition of major components (17) . Further studies are needed to ascertain composition of essential oil throughout the vegetation period.
In Perilla ocymoides L. var. bicolorlaciniata 97.70% of essential oil components were indentified with abundant amounts of perillaldehyde (72.07%) (Fig. 1B) and limonene (13.15%) . The presence of limonene in essential oil indicates that limonene biosynthetic pathway dominates in biosynthesis of essential oil (13) . Ketones (perillaketone, egomaketone, isoegomaketone) were not detected in the essential oil of Perilla ocymoides L. var. bicolorlaciniata, and in Perilla frutescens L. Britton with perillaketone as principal compound, limonene was not detected. Although synthesis of perilla essential oil compounds commonly is limited to phenylpropanoids or monoterpenoids, in Perilla ocymoides L. bicolorlaciniata essential oil two phenylpropanoids elemicin (1.91%) and myristicin (1.41%) were detected. Phenylpropanoids were not detected in Perilla frutescens L. Britton and Perilla frutescens L. Britton var. crispa f. viridis. Traditional Chinese medicine proposes perilla leaves in treating neurosis. Medicinal studies have proved that phenylpropanoid chemotype containing myristicin and dillapiol is the most potent (in comparison with perillaldehyde and perillaketone chemotypes) in hexobarbital induced sleeping time prolongation observed in mice (1). Other identified compounds (E,E-α-farnesene, β-caryophyllene, germacrene D, linalool, α-caryophyllene, dihydrocarveol, α-terpineol, perilla alcohol) yielded 11.46% in total, 0.22% whereof was perilla alcohol detected only in this plant. Scientific research data revealed that perilla alcohol inhibits tumor cell growth in various tissues. Clinical trials regarding toxicity and chemotherapeutical effects of perilla alcohol has been performed (21, 22) .
In Perilla frutescens (L.) Britton var. crispa f. viridis essential oil 83.18% compounds were indentified. Principal compounds were found to be perillaldehyde (49.47%), limonene (11.76%), limonene oxides (9.85%) and caryophyllene oxide (7.21%). Linalool oxides, myrcene, terpinolene, β-cyclocitral, carvone, bornyl acetate, eucalyptol, isodihydrocarveol acetate, p-cymene, β-caryophyllene, humulene epoxide II yielded 4.89% in total identified compounds. Since perillaldehyde was prevailing constituent in essential oil of Perilla frutescens (L.) Britton var. crispa f. viridis, perillaldehyde chemotype was determined. It was experimentally proved, that Perilla extracts show antimicrobial activity against Salmonella choleraesuis (14) . The most active compounds were found to be perillaldehyde, limonene, β-caryophyllene and linalool. Perillaldehyde strongly inhibits dermatophytic fungi. These effects confirm the uses of perilla leaves in traditional Chinese medicine for detoxifying the fish and crab poisons, and treating ringworm.
Essential oil of perilla plants is also beneficial in treating allergies. β-caryophyllene, l-menthol, α-pinene and elemicin show antiallergic effects on type I allergy. Perillaldehyde itself possesses strong sensitizing effect, therefore perillaldehyde containing plant material can not be used in treating allergies.
CONCLUSION
After the investigations of essential oil composition of perilla plants cultivated in Lithuania has been performed, it was determined that Perilla frutescens (L.) Britton essential oil is ascertained to perillaketone chemotype. Perilla frutescens (L.) Britton var. crispa f. viridis and Perilla ocymoides L. var. bicolorlaciniata are ascribed to perillaldehyde chemotype. β-Caryophyllene and perillaldehyde were the only compounds identified in all investigated perilla plants.
Considering a broad diversity of Perilla L. species and chemotypes, it is important to discriminate cultivated Perilla L. species with identified chemotypes, whose provided medicinal raw material could be standardized and optimal for further pharmacological investigations and manufacturing of medicinal preparations.
